In the intubated patient, the presence of an endotracheal tube increases the work of breathing during spontaneous breathing. The tube compensation technique was developed as a new ventilator mode that can compensate for that additional the work of breathing. We investigated the respiratory parameters during the pressure support ventilation 0, 5, 10 cmH 2 O and tube compensation 100% modes of the Puritan Bennett 840 ventilator in ten postoperative patients who had undergone radical surgery for oesophageal cancer. Measurements were performed just before extubation. The tidal volume , respiratory rate and other respiratory parameters were measured with a Ventrak respiratory monitor, and the duty ratio, mean inspiratory flow, and rapid shallow breathing index were calculated. In particular, we performed a comparison between pressure support ventilation 5 cmH 2 O and tube compensation 100%, because pressure support ventilation 5 cmH 2 O is the usual ventilating mode before the extubation in our intensive care unit. The tidal volume of pressure support ventilation 10 cmH 2 O was significantly larger and the respiratory rate was significantly lower than the other three modes. There was no significant difference in the minute volume, tidal volume, and respiratory rate between pressure support ventilation 5 cmH 2 O and tube compensation 100%. The duty ratio of pressure support ventilation 10 cmH 2 O was significantly smaller than the other three modes. There was no significant difference in the duty ratio and rapid shallow breathing index between pressure support ventilation 5 cmH 2 O and tube compensation 100%. It was concluded that the assist levels of pressure support ventilation 5 cmH 2 O and tube compensation 100% were almost equal for clinical purposes.
SUMMARY
In the intubated patient, the presence of an endotracheal tube increases the work of breathing during spontaneous breathing. The tube compensation technique was developed as a new ventilator mode that can compensate for that additional the work of breathing. We investigated the respiratory parameters during the pressure support ventilation 0, 5, 10 cmH 2 O and tube compensation 100% modes of the Puritan Bennett 840 ventilator in ten postoperative patients who had undergone radical surgery for oesophageal cancer. Measurements were performed just before extubation. The tidal volume , respiratory rate and other respiratory parameters were measured with a Ventrak respiratory monitor, and the duty ratio, mean inspiratory flow, and rapid shallow breathing index were calculated. In particular, we performed a comparison between pressure support ventilation 5 cmH 2 O and tube compensation 100%, because pressure support ventilation 5 cmH 2 O is the usual ventilating mode before the extubation in our intensive care unit. The tidal volume of pressure support ventilation 10 cmH 2 O was significantly larger and the respiratory rate was significantly lower than the other three modes. There was no significant difference in the minute volume, tidal volume, and respiratory rate between pressure support ventilation 5 cmH 2 O and tube compensation 100%. The duty ratio of pressure support ventilation 10 cmH 2 O was significantly smaller than the other three modes. There was no significant difference in the duty ratio and rapid shallow breathing index between pressure support ventilation 5 cmH 2 O and tube compensation 100%. It was concluded that the assist levels of pressure support ventilation 5 cmH 2 O and tube compensation 100% were almost equal for clinical purposes.
Key Words: VENTILATION: pressure support, tube compensation In the intubated patient, the presence of an endotracheal tube increases the airway resistance and produces additional work of breathing during spontaneous breathing, because of the narrow internal diameter of the endotracheal tube 1 . It is believed that pressure support ventilation, which is widely used as a standard ventilatory mode during the weaning and extubation process, compensates for this additional the work of breathing 2 . In our intensive care unit, we wean the assist level of pressure support ventilation down to 5 cmH 2 O from higher pressure referring to the tidal volume and respiratory rate, then keep the patient under pressure support ventilation of 5 cmH 2 O for 12 to 24 hours. At a subsequent time, we extubate the patient according to the conventional extubation criteria.
Recently, it was found that the increased work of breathing caused by the endotracheal tube depended on the flow rate and could be expressed as the pressure drop (∆PETT) across the endotracheal tube 3, 4 . Since the flow rate changes with breaths and within each single breath, a constant assist level of the pressure support ventilation cannot adequately compensate for the additional the work of breathing 5 . Consequently, the tube compensation mode was developed as a new ventilatory mode that is able to compensate for the additional the work of breathing. This technique is based on the continuous calculation of the flow-dependent ∆PETT using a formula incorporated in the ventilator.
In this study we measured the respiratory parameters during the three levels of pressure support ventilation and the tube compensation 100% mode of the Puritan Bennett 840 ventilator (Mallinckrodt Inc., St. Louis, MI, U.S.A.) in ten postoperative patients (9 male and 1 female) who were ready to be extubated. In particular, we performed a comparison between pressure support ventilation 5 cmH 2 O and tube compensation 100%, because pressure support ventilation 5 cmH 2 O is the commonly used ventilatory mode before the extubation in our intensive care unit.
SUBJECTS AND METHODS
Approval for this study was obtained from the Ethics Committee. All subjects had undergone an elective radical operation following the diagnosis of thoracic oesophageal cancer, and were admitted to our intensive care unit for postoperative respiratory and circulatory care. Informed consent for this study was obtained from each patient on the evening before operation. All patients had been intubated with a nasotracheal tube (Mallinckrodt Inc. ID 8.5 and 7.5 mm) and ventilated with the Puritan Bennett 840 ventilator. All patients were in a stable clinical condition and their weaning was undertaken to pressure support ventilation of 5 cmH 2 O, with positive endexpiratory pressure of 5 cmH 2 O and FIO 2 of 0.5. Continuous sedation (midazolam) was stopped at 0600 hours on the extubation day, and the patients were almost awake at the time of the study. Measurements were performed in the supine position. All patients could be extubated immediately after the study. No patient required reintubation.
All patients were randomly ventilated with pressure support ventilation 0, 5, 10 cmH 2 O, and tube compensation 100% for 20 minutes. At the end of each mode, arterial blood samples were obtained and the following measurements were recorded. Arterial blood gas analyses were performed with an ABL725 (Radiometer A/S; Copenhagen, Denmark). The tidal volume, respiratory rate and other respiratory parameters were measured with a Ventrak respiratory monitor 1550 (Novametrix Medical Systems Inc., Wallingford, CT, U.S.A.). This system automatically calculates the inspiration/expiration ratio, mean airway pressure and carbon dioxide elimination, and also measures the maximum inspiratory flow and maximum expiratory flow. The minute volume is automatically displayed by summing the volume of each breath over one minute, and tidal volume is automatically displayed by dividing the minute volume by respiratory rate. The duty ratio, mean inspiratory flow and rapid shallow breathing index were calculated. The duty ratio is calculated from the inspiratory time divided by the total respiratory cycle, and expresses the timing of spontaneous breathing. The mean inspiratory flow is calculated by dividing tidal volume by the inspiratory time and has been used an index of central inspiratory drive. Rapid shallow breathing index, which is calculated by divid-ing respiratory rate by tidal volume, has recently been included in extubation criteria 6 .
All the data were expressed as median and range. The statistical analyses were performed using the Friedman test of non-parametric methods. The correlation coefficient was calculated using Stat View-J 5.0 (SAS Institute Inc.). Significance was accepted at a level of P<0.05.
RESULTS
The median age of the patients was 61.5 (range 53.0-75.0) years, the height 163.0 (156.0-170.0) cm, and the body weight 54.5 (48.0-70.0) kg. The operation time was 608 (467-730) minutes, the fluid volume infused during the operation was 3653 (2490-6880) ml, the bleeding was 587 (40-1520)g, and the urine output was 883 (635-1425) ml. The duration of the respiratory support was 15.5 (12.5-79.0) hours and the duration of intensive care unit stay was three to five days. Figure 1 shows the minute volume, tidal volume, and respiratory rate in the four modes. There was no significant difference in the minute volume among the four modes. The tidal volume of pressure support ventilation 10 cmH 2 O was significantly larger and the respiratory rate was significantly lower than the other three modes. However, there was no significant difference in the minute volume, tidal volume, and respiratory rate between pressure support ventilation 5 cmH 2 O and tube compensation 100%. The rapid shallow breathing index of pressure support ventilation 10 cmH 2 O was significantly lower than pressure support ventilation 0 cmH 2 O and tube compensation 100%, but there was no significant difference between pressure support ventilation 5 cmH 2 O and tube compensation 100%. Table 1 shows the other respiratory parameters. There was no significant difference in the CO 2 elimination, P a CO 2 , and P a O 2 among the four modes. The pH of pressure support ventilation 0, 5, 10 cmH 2 O, and tube compensation 100% was 7.430 (7.420-7.479), 7.434 (7.392-7.501), 7.431 (7.403-7.498), and 7.434 (7.403-7.465), respectively. There was no significant difference in pH among the four modes. There were significant differences in the mean airway pressure among the four modes (pressure support ventilation 10 cmH 2 O>pressure support ventilation 5 cmH 2 O>tube compensation 100%>pressure support ventilation 0 cmH 2 O).
There was no significant difference in the inspiratory time among the four modes. The duty ratio of pressure support ventilation 10 cmH 2 O was significantly lower than in the other three modes, but there was no significant difference in duty ratio between pressure support ventilation 5 cmH 2 O and tube compensation 100%. The mean inspiratory flow of pressure support ventilation 10 cmH 2 O was significantly larger than in the other three modes, but there was no significant difference in the mean inspiratory flow between pressure support ventilation 5 cmH 2 O and tube compensation 100%. Figure 2 shows the maximum inspiratory flow and maximum expiratory flow in the four modes. The maximum inspiratory flow of pressure support ventilation 10 cmH 2 O was significantly larger than the other three modes, but there was no significant difference in the maximum inspiratory flow between pressure support ventilation 5 cmH 2 O and tube com-pensation 100%. The maximum expiratory flow of pressure support ventilation 10 cmH 2 O was significantly larger than the other three modes, but there was no significant difference in the maximum expiratory flow between pressure support ventilation 5 cmH 2 O and tube compensation 100%. There was a significant positive correlation between tidal volume and maximum expiratory flow for each of the four modes (pressure support ventilation 0 cmH 2 O, r=0.58; pressure support ventilation 5 cmH 2 O, r=0.56; pressure support ventilation 10 cmH 2 O, r=0.61; tube compensation 100%, r=0.60).
DISCUSSION
Except for the high assist level of pressure support ventilation 7 , the minute volume during the pressure support ventilation mode is regulated to keep the P a CO 2 at about 40 mmHg by the patient's own respiratory drive. In this study, patients were spontaneously breathing before extubation, and there was no significant difference in the minute volume, CO 2 elimination, P a CO 2 , and pH among the four modes. It has been said that the tidal volume would increase and the respiratory rate would decrease with an increasing assist level of the pressure support ventilation mode 8, 9 . In this study, the tidal volume of pressure support ventilation 10 cmH 2 O was significantly larger than the other three modes, while the res- piratory rate was significantly lower. It was thought that the assist level of pressure support ventilation 10 cmH 2 O represented excessive compensation compared with the assist level of pressure support ventilation 5 cmH 2 O which is the usual ventilatory mode before the extubation in our intensive care unit. The rapid shallow breathing index of pressure support ventilation 10 cmH 2 O was significantly lower than pressure support ventilation 0 cmH 2 O and tube compensation 100%. However, there was no significant difference in the rapid shallow breathing index, the tidal volume and the respiratory rate between pressure support ventilation 5 cmH 2 O and tube compensation 100%. The duty ratio of pressure support ventilation 10 cmH 2 O was significantly smaller than the other three modes. Tokioka and co-workers also reported that the duty ratio became smaller when the assist level of the pressure support ventilation mode became larger 10 . There was no significant difference in the duty ratio between pressure support ventilation 5 cmH 2 O and tube compensation 100%. It was thought that the timing regulation of pressure support ventilation 5 cmH 2 O and tube compensation 100% was the same. The mean inspiratory flow expresses the degree of fatigue of an inspiratory muscle. There was no significant difference in the mean inspiratory flow between pressure support ventilation 5 cmH 2 O and tube compensation 100%.
Referring to the rapid shallow breathing index, duty ratio and mean inspiratory flow, pressure support ventilation 5 cmH 2 O and tube compensation 100 were shown to provide equivalent be the respiratory assistance.
If pressure support ventilation is set at a higher pressure, the ventilator would increase the maximum inspiratory flow rate in order to make the airway pressure to reach the preset level 11 . In this study, there was no significant difference in the maximum inspiratory flow between pressure support ventilation 5 cmH 2 O and tube compensation 100%. We believe that the preset level of tube compensation 100% is almost the same as pressure support ventilation 5 cmH 2 O. The maximum expiratory flow is influenced by the airway resistance, as well as the power and speed of expiratory muscle contraction. It has been reported that the maximum expiratory flow of a subject under the same conditions was determined only by the tidal volume 12 . In this study, there was no significant difference in the tidal volume and maximum expiratory flow between pressure support ventilation 5 cmH 2 O and tube compensation 100%.
Hoshi and co-workers reported in a test-lung model study that the pressure-volume loop of tube compensation 100% was larger than pressure support ventilation 5 cmH 2 O plotted at the distal end of the endotracheal tube 13 . There was no significant difference in the tidal volume and the inspiratory time between pressure support ventilation 5 cmH 2 O and tube compensation 100%. In this study, we did not examine the pressure-volume loop. However, there was no significant difference in the minute volume, tidal volume, respiratory rate, the maximum inspiratory flow, and duty ratio between pressure support ventilation 5 cmH 2 O and tube compensation 100%. It was thought that the difference between the two modes was clinically negligible.
It is known that the mean airway pressure affects oxygenation and there were significant differences in the mean airway pressure among the four modes. However, there was no significant difference in the P a O 2 among the four modes. The cause of this inconsistency is unknown, and further research is needed in order to investigate the discrepancy between the mean airway pressure and the oxygenation.
It is concluded that the assist level of the pressure support ventilation 5 cmH 2 O and tube compensation 100% modes are equivalent for clinical purpose.
